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Abstract 
Nanofluids attract researchers in many ways for its enhanced heat transfer properties. Nanorefrigerant is one kind of nanofluids. It has 
better heat transfer performance than traditional refrigerants. Recently, some experiments have been done about nanorefrigerant, which 
are mostly related to heat transfer performance of these fluids. Thermal conductivity, viscosity and density are the basic thermophysical 
properties that must be analyzed before performance analysis. In this paper, the volumetric effects of thermal conductivity, viscosity and 
density of Al2O3/R141b nanorefrigerant have been studied for different temperature ranges. Based on the analysis about nanorefrigerant it 
is found that, thermal conductivity increases with the increase of volume concentrations and temperatures. However, viscosity and density 
increases accordingly with the enhancement of volume concentrations and decreases with the increase of temperature. As, heat transfer 
performances increases with the augmentation of thermal conductivity and pressure drop and pumping power increases with the 
enhancement of viscosity and density. Therefore, an optimum volume concentration of nanorefrigerant could improve the performance of 
a refrigeration system. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
In 1995, Stephen Choi [1] introduced the term nanofluid as a promising heat transfer fluid. Nanofluid is a solid-liquid 
mixture that consists of nanoparticles and a base liquid. Due to very small sizes and large specific surface areas of the 
nanoparticles, nanofluids have superior properties like high thermal conductivity, minimal clogging in flow passages, long-
term stability, and homogeneity [2]. The nanorefrigerant is one kind of nanofluid and its host fluid is refrigerant [3]. 
Conventional thermo fluids like: ethylene glycol, water, oil and refrigerant have poor heat transfer properties. But these 
fluids have vast application in power generation, chemical processes, heating and cooling processes, transportation, 
electronics, automotive and other micro-sized applications.  Therefore, re-processing of these thermo fluids for better heat 
transfer performance is very essential.  
Recently (since 2005) scientists are trying to work on nanorefrigerant a kind of nanofluids for its enhance heat transfer 
performance in refrigeration and air-conditioning systems [3]. Refrigerants are widely used in refrigeration and air 
conditioning systems in industries, offices, and domestic and commercial buildings. Huge amount of energy is used by this 
equipment. Nanorefrigerants are potential to enhance heat transfer rate thus making heat exchanger of air conditioning and 
* Corresponding author. Tel.: +6 03 7967 7611; fax: +6 03 7967 5317. 
E-mail address: mahbub_ipe@yahoo.com 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer review under responsibility of the Bangladesh Society of Mechanical Engineers
311 I.M. Mahbubul et al. /  Procedia Engineering  56 ( 2013 )  310 – 315 
refrigeration equipment compact. This consequently will reduce energy consumption in these sectors along with reduction in 
emissions, global warming potential and greenhouse gas effects. There are some literatures on the pool boiling, nucleate 
boiling, and convective heat transfer, energy performance and lubrication of nanorefrigerants. It may be noted that these 
performance parameters are depend on different thermophysical properties like thermal conductivity, viscosity, and density 
of a fluid or refrigerant [4-6]. Heat transfer performance is directly related to thermal conductivity of that substance. 
Viscosity is an important phenomenon as like as thermal conductivity. Pumping power and pressure drop is directly related 
to viscosity of any fluid, especially in laminar flow. Like the viscosity, density of any fluid is also has direct impact over 
pressure drop and pumping power characteristics. There are available literatures about thermal conductivity and viscosity of 
nanofluids [7, 8]. Most of these studies are based on water or ethylene glycol. Nevertheless, literatures about thermophysical 
properties of refrigerant based nanofluids are still scarce.  
 
The objective of this study is to investigate the thermal conductivity, viscosity and density of Al2O3 nanoparticles 
suspended in R141b refrigerant at different concentrations of nanoparticles and at different temperatures. This study will 
help the researchers to get the idea about the effect of nanoparticles on the fundamental properties of refrigerant which will 
encourage the researchers to apply nanoparticles in refrigeration and air conditioning systems. Though, R141b refrigerant is 
not used in refrigeration and air conditioning system. It is mainly used to produce soft pu foam. However, the fundamental 
properties of other refrigerants like: R134a, R22, R410 are similar with this refrigerant. Moreover, those refrigerants are in 
vapor state at atmospheric environment. For this reason nanoparticle could not be mixed with them at open environment to 
prepare nanorefrigerants. 
2. Methodology 
2.1. Materials and preparation 
Al2O3 nanoparticles as manufacturer defined size of 13 nm were purchased from Sigma Aldrich (Malaysia). R141b 
refrigerant was used as the base fluid as it is liquid at atmospheric pressure and room temperature. Its boiling point is 
32.06ºC at atmospheric pressure. The equation that used to calculate the volume fraction of nanorefrigerant was: 
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Where, is the nanoparticle concentration; nm and rm are the mass of nanoparticle and refrigerant, respectively; and 
n  and r are the density of nanoparticle and liquid phase density of refrigerant, respectively. 
 
Then nanorefrigerant was prepared with an orbital incubator shaker. The mixture of nanoparticles and refrigerant was 
continuously shaken at 240 rpm about 1 hour. Constant temperature of 15ºC was maintained inside the incubator to avoid 
evaporation of refrigerant. 
2.2. Thermal conductivity of nanorefrigerant 
A thermal conductivity model that considered the effects of particle volume fraction, particle size and temperature-
dependent interfacial layer proposed by Sitprasert et al. [9] was used to determine the thermal conductivity of Al2O3/R141b 
nanorefrigerant. Other models such as: Maxwell [10], Hamilton-Crosser [11], Yu-Choi [12], Koo-Kleinstreuer [13] and 
Leong et al. [14] models were used to verify the results of the present study. The thermal conductivity of nanorefrigerant 
was calculated by, 
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Where, nrk , , pk , rk are the thermal conductivity of nanorefrigerant, solid particles and pure refrigerant, respectively. 
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C = 30, a constant for Al2O3 nanoparticles, T is the temperature in Kelvin and pr is the radius of nanoparticles. 
2.3. Viscosity of nanorefrigerant 
Peng et al. [15] suggested Brinkman model [16] to determine the viscosity of nanorefrigerants. Abedian and Kachanov 
[17] proved that the model is better than Einstein model [18] when high particle volume fraction is considered. Brinkman 
model [16] stated as following was used to investigate the viscosity of nanorefrigerant, 
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Where, rn  
is the effective viscosity of nanorefrigerant and r  is the viscosity of pure refrigerant. 
Other models such as: Einstein [18], Krieger and Dougherty (K-D) [19] and Batchelor [20] models were used to verify 
the results of the present study 
2.4. Density of nanorefrigerant 
The density of nanorefrigerant was measured by KEM-DA130N portable density meter (KYOTO, Japan). It measured 
the density with resonant frequency method. It could measure density within a range of 0.0000 to 2.0000 g/cm3 with a 
precision of ±0.001 g/cm3. It has the resolution of 0.0001 g/cm3 and can measure density within a temperature range of 0 to 
40.0°C. Figure 1 shows the accuracy of the machine. The comparison of the measured data with REFPROP7 [21] standard 
data base shows maximum deviation is only about 0.2 %. This device was a small and portable type and the inlet tube was 
very small capillary. High concentration of nanorefrigerants could not support this device. Therefore, very low 
concentrations of nanorefrigerant were measured. Densities of pure R141b and 0.1 to 0.4 volume % of Al2O3/R141b were 
measured for a temperature range of 5 to 20°C. All the data was taken three times to get more precise values and the mean 
value of three data was considered for analysis. Some of the data (about 5 %) were omitted as considered abnormality, 
especially above 20°C. When the refrigerant was evaporated at above 20°C, some of data showed abnormality. 
      
Fig. 1. Comparison of measured density of pure R141b refrigerant with standard data base. 
3. Result and discussion 
3.1. Thermal conductivity of nanorefrigerant 
Figure 2. (a) shows the thermal conductivity of Al2O3/R141b nanorefrigerant at 20ºC temperature for 0.1 to 0.4 volume 
concentrations of nanoparticles. The experimental result of present study was compared to results obtained from other 
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models for validation. The figure shows that the thermal conductivity of Al2O3/R141b nanorefrigerant was increasing 
linearly with nanoparticle volume concentration enhancement. The experimental value for this study found to be higher than 
Maxwell [10] and Yu and Choi [12] models. Moreover, the result of the present study shows lower than Leong et al. [14], 
Koo and Kleinstreuer [13] and Hamilton and Crosser [11] models. The mean deviation of this experimental value was 0.1 % 
and 1.38 % with Maxwell [10] and Leong et al. [14] models, respectively.  
(a)     (b)  
Fig. 2. (a) Thermal conductivity as a function of particle volume fraction; (b) Thermal conductivity as a function of temperature for different volume 
fraction of nanorefrigerant. 
Most of these models were developed based on water as a host fluid. Peng et al. [15] have used Hamilton and Crosser 
model [11] to predict the thermal conductivity of CuO/R113 nanorefrigerants. Jiang et al. [22] measured the thermal 
conductivity of CNT/R113 nanorefrigerants. The authors found that, the mean deviation of their experimental value were 
15.1 % and 26.9 % with Yu and Choi [12] and Hamilton and Crosser model [11], respectively.  Therefore, the thermal 
conductivity of Al2O3/R141b nanorefrigerant in this study was more accurate. However, it can be concluded that the thermal 
conductivity of nanorefrigerant increases accordingly with the increase of particle volume fraction. 
 
The effect of temperature on the thermal conductivity of nanorefrigerant was investigated by changing the temperatures 
from 5 to 20ºC.  Figure 2. (b) shows the thermal conductivity enhancement of nanorefrigerant at a temperature of 5 to 20ºC 
for 0.1 to 0.4 volume concentration of nanoparticles. For temperature of 5ºC and particle concentration of 0.1 volume %, the 
lowest thermal conductivity observed 1.003 times greater than base fluid.  The highest thermal conductivity observed 1.013 
times greater than base fluid for 20ºC and 0.4 volume concentrations of nanoparticles. The figure shows that the thermal 
conductivity of nanorefrigerant is proportional to temperature. High nanorefrigerant temperature intensifies the Brownian 
motion of nanoparticles. With intensified Brownian motion, the contribution of micro convection in heat transport also can 
be increased. It is evidently shown that the thermal conductivity of nanorefrigerant can be enhanced by increasing the 
temperature. 
3.2. Viscosity of nanorefrigerant 
Figure 3. (a) shows the viscosity of Al2O3/R141b nanorefrigerant at 20ºC temperature for 0.1 to 0.4 volume 
concentrations of nanoparticles. It shows viscosity increases linearly with the increase of volume fractions. The experimental 
result of present study was compared to results obtained from other models for validation. The figure shows that the 
viscosity of Al2O3/R141b nanorefrigerant was increasing linearly with nanoparticle volume concentration enhancement. The 
experimental value for this study found to be similar with other models. Basically, Einstein model [18] is the pioneering 
works for predicting suspension viscosity. The other models such as: Brinkman [16], Krieger and Dougherty (K-D) [19], 
and Batchelor [20] models were developed based on the Einstein model. Moreover, Batchelor model prediction was same 
for particle concentration less than 2 volume %.  
 
Figure 3. (b) shows the effect of temperature over viscosity of nanorefrigerant. Normally, viscosity of the most of the heat 
transfer fluid decreases with the increase of temperature. Moreover, viscosity of suspensions decreases with the increase of 
temperature. The same trend for decrease of viscosity with the increase of temperature was found in this experiment. Some 
other literatures [23, 24] show the same decreasing trend with the increase of temperature. High nanorefrigerant temperature 
intensifies the Brownian motion of nanoparticles and reduces the viscosity of nanorefrigerant.  
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(a)     (b)  
Fig. 3. (a) Viscosity as a function of particle volume fraction; (b) Viscosity as a function of temperature for different volume fraction of nanorefrigerant. 
3.3. Density of nanorefrigerant 
Figure 4. (a) shows the measured density of Al2O3/R141b nanorefrigerant for 0 to 0.4 volume % of Al2O3/R141b 
nanorefrigerant at 20ºC temperature. From the figure, it is clear that, density increases with the increase of volume 
concentrations. The increment trend was almost linear. Pastoriza-Gallego et al. [25] found the same trend as density 
increases with the increase of particle concentration for CuO/water nanofluid. Some other experimental result with other 
base fluid showed the same trend. Wasp et al. [26] and Pak and Cho [27] models were used to compare the experimental 
data of this study. Figure shows that the experimental value was almost midpoint after 0.1 % volume concentration with the 
data obtained from these two models. Where, the values of Pak and Cho model was higher than the experimental value and 
the value of Wasp model was lower than the experimental value. The Pak and Cho model was derived for water based 
nanofluids and the Wasp model was proposed for metal-lubricant mixture. 
(a)     (b)  
Fig. 4. (a) Density as a function of particle volume fraction; (b) Density as a function of temperature for different volume fraction of nanorefrigerant. 
Figure 4. (b) shows the density of Al2O3/R141b nanorefrigerant at 5 to 20ºC temperature with 0 to 0.4 volume 
concentrations of nanoparticles. Figure shows that, density of nanorefrigerant decreases with the increase of temperature. 
Kedzierski [28] found the same trend as density of suspensions decreases with the increase of temperature for CuO/lubricant 
nanofluid. It was observed that the decrease trend was slower up to 15ºC and after 15ºC density decreased rapidly.  
4. Conclusion 
In this study, attempt was made to investigate the fundamental properties of Al2O3/R141b nanorefrigerant. Throughout 
this study it was found that thermal conductivity of the nanorefrigerant increased with the increase of nanoparticle volume 
fraction and temperature. It increased sharply due to the intensification of nanoparticle concentration compared to 
temperature increment. 
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Results indicate that viscosity increased with the increase of the particle volume fractions. However, it decreased with the 
increase of temperature. Like the viscosity, density of nanorefrigerant also increases with the enhancement of volume 
fraction and decreases with the increase of temperature.  
 
From the above results it could be conclude that, an optimal particle volume fraction need to be calculated considering 
thermal conductivity, viscosity, and density of nanorefrigerant to get efficient energy performances (as thermal conductivity 
increases the heat transfer coefficients however viscosity and density increases the pressure drop and pumping power). 
More experimental studies are needed before implementing the nanoparticles in refrigeration systems. 
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